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Abstract
Universities play an active and important role in the development of a country. They are centers for generating ideas and 
knowledge which relates to the development of a country’s economy as well as the quality life of its citizens. For public
universities, their funds come from the taxpayers contributions; hence the accountability generally must always be assured.  
The question on how efficient the resources are utilized in a public university then has become an important issue. However,
it is a challenging task to measure relative efficiency of universities due to the fact that universities are complex organizations 
that utilize multiple inputs to produce multiple outputs. This paper illustrates the application of Data Envelopment Analysis
(DEA) to measure relative efficiency of twenty two academic departments of a public university in Malaysia using data
collected for the year 2011. The input and output variables used in this study are those contributing to teaching/learning and
research performance. The input variables considered are number of academic staff, number of non-academic staff and yearly 
operating expenses while the output variables are number of graduates for the year, total amount of research grant received for 
that year and number of academic publications by faculty members. To investigate the performance of departments with 
different dimensions, four models with different input-output combinations are defined. Sensitivity analysis performed 
suggests that different combinations of input-output yield different efficiency scores. Furthermore, when all outputs are 
included, the social science based departments on average perform better than the science based departments.
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Introduction 
Today, universities are centers of generating and transferring knowledge which leads to the economic 
development of a country. This can be done through two main activities of universities namely teaching and 
research. Malaysia has positioned itself to be the hub of tertiary education in this region. To meet the high 
demand of tertiary education, the Malaysian Government has allocated RM18.4 billion to the Ministry of Higher 
Education In Malaysia under the Ninth Malaysian Plan as compared to RM13.2 billion under the previous 
development plan.  The number of higher learning institutions is increasing rapidly and tremendously. There is a 
need to measure efficiency of higher learning institutions because this involves the country’s long term planning. 
However, it is not easy to measure efficiency in public higher learning institutions mainly because of two 
reasons. Firstly, as non-profit organizations, there is no input and output prices in higher learning institutions. 
Secondly, higher learning institutions utilize multiple input to produce multiple outputs (Johnes, 2006). 
Therefore, in situations where there are multiple inputs and multiple outputs, it is useful to apply Data 
Envelopment Analysis (DEA) to measure efficiency of higher learning institutions. DEA is a non-parametric 
technique that is widely applied by researchers and practitioners to evaluate the relative efficiencies of a set of 
homogeneous organizational units that use multiple inputs to produce multiple outputs. The homogeneous units 
are called decision making units (DMUs). This paper illustrates the use of DEA method to evaluate the efficiency 
of the 22 academic departments of a public university in Malaysia. Four models are proposed where these models 
are computed from various combinations of input-output. The efficiency scores will identify which departments 
are efficient compared to their peers. 
1. Data Envelopment Analysis in Higher Learning Institutions 
Many studies have been done to measure efficiency in higher learning institutions using DEA methodology. 
These studies can be categorized into two types. The first type measures efficiency of different universities. 
Abbot and Doucouliagos (2003) studied technical and scale efficiency of 36 Australian government owned 
universities using DEA. The output factors used to measure teaching were the number of full time equivalent 
students, the number of enrolment of under-graduate and post-graduate students, the number of post–graduate 
degrees awarded and the number of under-graduate degrees awarded. The input factors used were number of 
academic staff (full time equivalent), number of non-academic staff, and expenditure other than labor cost.  
Johnes and Johnes (2006) measured technical efficiency of higher learning institutions in England. The 
bootstrapping techniques were also applied in this study and the results showed that the difference between the 
most and the least efficient higher learning institutions in England was significant. Fleggs et al. (2003) applied 
DEA and Malmquist method to measure technical efficiency of 45 British universities.  The focus of their study 
was measuring productivity change over time. Katharaki & Katharakis (2010) employed DEA to examine 
technical efficiency of 20 public universities in Greece utilizing resources in two main activities; teaching and 
research. Avkiran (2001) applied DEA to measure relative efficiency of Australian universities based on three 
models that were overall performance model, performance on delivery educational service and performance on 
fee- paying enrolments. Ramirez-Correa et al. (2012) adopted DEA to assess efficiency of universities in Chile. 
The findings revealed that there were no significant statistical differences between public and private universities. 
The second type of studies using DEA is measuring efficiency of academic departments within a university. 
Tyagi et al. (2009) evaluated technical, pure and scale efficiencies of 19 departments of a university in India via 
DEA. Sensitivity analysis was conducted to test robustness of the efficiency results. Martin (2003) conducted a 
DEA analysis on assessing the performance of departments that belong to a university in Spain. The study 
revealed the existence of differences between departments of different areas. Köksal and Nalçaci (2006) 
employed DEA to measure efficiency of academic departments of an engineering college in Turkey. Multiple 
criteria decision making was integrated to improve the discrimination power. Agha et al. (2011) evaluated 
technical efficiency at the Islamic University in Gaza. Super-efficiency was applied on efficient departments to 
determine the most efficient department. Moreno and Tadepali (2002) used DEA to examine efficiency of 
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academic departments at a public university and suggested using DEA as a planning tool. Kao and Hung (2008) 
applied DEA to assess the relative efficiency of academic departments at National Cheng Kung University in 
Taiwan. They applied cluster analysis to categorize the academic departments into groups that have similar 
features. They also restricted the flexibility in selecting the weights by constructing assurance region for the 
weight based on the priori information given by the top administrators. 
2. Data Envelopment Analysis 
The most basic DEA model is the CCR model that was proposed by Charnes, Cooper and Rhodes in 1978 
(Cooper & Seiford, 2001). It was developed to evaluate relative efficiency of homogeneous DMUs with multiple 
inputs and multiple outputs. 
Suppose there are n DMUs to be evaluated where each DMU has m inputs and s outputs. The relative 
efficiency of a ܦܯܷ௢  (where o ranges over 1, 2,…., n) is evaluated by solving the following fractional 
programming problem: 
 
 
Maximize    ݓ௢ ൌ  ௨భ௬భబା௨మ௬మ೚ǥ௨ೞ௬ೞ೚௩భ௫భ೚ା௩మ௫మ೚ǥశೡ೘ೣ೘೚     
Subject to  
௨భ௬భೕశڮశೠೞ೤ೞೕ
௩భ௫భೕାڮା௩೘௫೘ೕ
൑ ͳሺൌͳǡʹǡǤǤǤሻ    
 ݑଵǡݑଶǡǤǤǤǡݑ௦൒Ͳ
  ݒͳ, ݒʹǡ ..., ݒ݉ ≥ 0                                                                                  (1) 
Where j is the DMU index where  j= 1,2,...n.      
This model can be converted to a linear programming model below: 
Maximize    ݓ݋ ൌ ݑͳݕͳ݋+...+ݑݏݕݏ݋      
Subject to    ݒͳݔͳ݋ ൅ ...+ ݒ݉ݔ݉݋ = 1     
  ݑଵݕଵ௝൅ǤǤǤ൅ݑ௦௝ ൑  ݒଵݔଵ௝൅ǤǤǤ൅ݒ௠ݔ௠௝ሺൌͳǡǤǤǤǡሻ  
  ݑͳ, ݑʹǡ ..., ݑݏ  ≥ 0 
  ݒͳ, ݒʹǡ ..., ݒ݉ ≥ 0                                                             (2) 
If  ݓ݋ = 1, it means that  ܦܯܷܱ is efficient relative to other units.  If  ݓ݋ ൏ 1, then the DMU is inefficient 
This model is called CCR model in input orientation which is  employed in this study. 
3. Research design 
4.1Decision Making Units (DMUs) 
Homogeneity of DMUs is one assumption in DEA where all DMUs must satisfy 3 rules. First, the DMUs 
must carry out similar activities and have the same objectives. Second, they should utilize similar inputs to 
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produce the same outputs. Thirdly, they should operate within similar environments (Dyson et al., 2001).All 
academic departments that we have chosen in this study are homogeneous units because they use similar 
resources and produce the same outputs. Moreover, they share the same objectives and goals. In the context of 
teaching and research purposes, they use the same resources that are academic staff, non-academic staff and 
operating expenses and produce the same outputs. 
 
4.2 Variables Selection 
 The choice of inputs and outputs is very important in DEA. The relative efficiency of DMUs depends 
significantly on input-output factors chosen for assessment. The worse thing is that different choice of inputs and 
outputs will produce different efficiency scores. However, the selections of these inputs and outputs are 
subjective. Many literatures that applied DEA in higher learning institutions use different sets of input and output 
factors. There are no common rules in defining inputs and outputs for this sector. The most important principle is 
that the input and output factors defined must comply with the mission and the objective of the university. Since 
teaching and research are two main functions of an academic department, we choose inputs and outputs that 
reflect these two activities. Based on the objective and mission of the university, literature review on input and 
output factors used in other studies, the following indicators are defined as inputs in this study: 
x Academic staff 
This input is an indicator for human capital. In every department, the role of academic staff are both teaching 
and doing research. They cannot be separated into separate category. This input was used in studies done by  
Abott and Doucoullagos (2003), Avkiran (2001), Tyagi et al. (2009) and  Worthington & Lee (2008). 
x Non-academic staff 
This is another indicator for human capital. Every department has its own non-academic staff that deal with 
academic staff, students and indirectly facilitate teaching and research activities. The previous studies that 
used the same indicator were Avkiran (2001) and Tyagi et al. (2009). 
x Operating expenses 
This input represents financial resources other than staff salaries. These expenses are used for teaching and 
research purposes. Operating expenses are allocated based on the number of lecturers and students.  This 
input was used in Abott and Doucoullagos (2003), Tyagi et al. (2009) and Ting (2012). 
The outputs selected in this study are given below: 
 
x Total number of graduates 
Every department shares the goal to increase the number of graduates. This indicator reflects the quality and 
quantity teaching which is related to the staff. The same input was used in many studies  (Garcia Aracil & 
Palomares, 2008; Abbot, 2003).  
x Total amount of research grant 
 
Complying with the objective of the university, all academic staff is expected to do research. The total 
amount of research grant which includes the internal and external grant reflects the research activity of a 
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department. The larger the amount of the total grant indicates more staff is involved in research activity. The 
same output was used in studies done by Montoneri et al. (2012) and  Agasisti et al. (2012).  
 
x Total number of publications 
 
Besides teaching, academic staff is also expected to publish papers in journals, write books and present papers 
in conferences.  This is another indicator for research activity of a department (Kao & Hung, 2008; Agasiti et 
al., 2012).  
 
4.3 Choice of orientation 
 
There are two choices of orientation in DEA that are input orientation and output orientation. The aim of input 
orientation is to minimize the inputs at given output level and the aim of the output orientation is to maximize the 
output given at the input level.  This study will employ input orientation because it is assumed that the inputs in 
departments are controllable compared to outputs. The head of departments can control the number of academic 
staff, number of non-academic staff and amount of operating expenses but cannot control the number of 
graduates, number of publications and amount of research grant. The same orientation is used by Martin (2003), 
Katharaki & Katharakis (2010) and Agha et al. (2011). 
 
4.4 Return to scale 
 
There are two types of scales that are Constant Return to Scale (CRS) and Variable Return to Scale (VRS). CRS 
assumes that an increment in inputs results in proportion increment in outputs.  In other words there is no 
significant relationship between the size of DMU and efficiency.  On the other  hand, VRS assumes that an 
increment in inputs results in a disproportionate increment in outputs (Cooper & Seiford, 2001). According to 
Johnes (2006), the size of the department can be presented by the number of academic staff.  The correlation 
coefficient between the number of academic staff and CCR efficiency scores is obtained in this study and the 
value is as low as -0.02. This indicates there is no correlation between the size of department and efficiency.  
Therefore, CRS is employed in this study. 
4.5 DEA models 
 
To investigate the performance of the departments with different types of criteria, a sensitivity analysis of the 
DEA model is performed.  This is done by deleting one output at a time. Four models are defined. All these four 
models use the same inputs but with different combination of outputs. Model 1 includes all four outputs. Model 2 
includes all outputs except total number of publications. Total amount of research is dropped in model 3 and total 
number of graduates is omitted in model 4. These models are summarized in Table 1 below. 
Table 1: Proposed DEA Models 
 
 Model 1 Model 2 Model 3 Model 4 
Inputs ξ ξ ξ ξ 
Academic  staff ξ ξ ξ ξ 
Non-academic staff ξ ξ ξ ξ 
Operating expenses ξ ξ ξ ξ 
     
Outputs     
Total number of graduates ξ ξ ξ  
Total amount of research grant ξ ξ  ξ 
Total number of publications ξ  ξ ξ 
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5. Data and sample 
The sample used in this study covers twenty two academic departments of a public university. The data 
collected for this study was data collected for the year 2011 and was obtained from several departments and 
centres of the university. We excluded departments that did not have complete data. These departments were 
from two groups; Science and Social Science. In this research, we used DEA-Solver software (Cooper & Seiford, 
2001) to compute efficiency scores of all departments based on CCR input –oriented model. 
 
6. Result and discussion 
Descriptive statistics of the data is shown in Table 2. 
     Table: 2 Descriptive Statistics for Data 
  
Total Academic 
staff 
Non-Academic 
staff Operating Cost Graduates Research  Grant  Publications 
Max 399.00 120.00 6545671.73 2401.00 5057430.00 716.00 
Min 36.00 17.00 46074.00 28.00 0.00 0.00 
Average 166.36 50.91 2798039.13 713.23 736034.20 87.18 
SD 107.93 27.57 1640081.70 590.88 1146215.94 150.75 
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Table 3 below shows the technical efficiency scores obtained by different departments in each model. 
                                      Table: 3 Efficiency scores 
GROUP DMU Model 1 Model 2 Model 3  Model 4 
 Score Score Score Score 
 DEPT1 1.000 0.499 1.000 1.000 
 DEPT2 0.553 0.492 0.547 0.297 
 DEPT3 0.735 0.702 0.735 0.186 
SCIENCE DEPT4 0.385 0.377 0.368 0.098 
 DEPT5 0.708 0.666 0.510 0.532 
 DEPT6 0.764 0.764 0.717 0.384 
 DEPT7 1.000 1.000 0.404 1.000 
 DEPT8 0.879 0.879 0.879 0.019 
 DEPT9 1.000 1.000 1.000 1.000 
 DEPT10 0.287 0.287 0.119 0.282 
 DEPT11 0.064 0.054 0.063 0.037 
 MEAN 0.671 0.611 0.577 0.440 
 DEPT12 1.000 1.000 1.000 0.554 
 DEPT13 0.798 0.796 0.798 0.132 
 DEPT14 0.556 0.524 0.556 0.176 
SOCIAL DEPT15 1.000 1.000 1.000 0.965 
SCIENCE DEPT16 1.000 1.000 1.000 0.188 
 DEPT17 0.713 0.710 0.713 0.042 
 DEPT18 0.962 0.962 0.962 0.022 
DEPT19 1.000 0.924 1.000 0.584 
 DEPT20 0.811 0.788 0.811 0.244 
 DEPT21 0.458 0.449 0.458 0.043 
 DEPT22 0.115 0.091 0.089 0.095 
 MEAN 0.765 0.750 0.762 0.277 
 
OVERALL 
MEAN 0.718 0.681 0.670 0.360 
 
Model 1 includes all 3 outputs: graduates, total amount of grant and number of publications. The departments 
that achieved coefficient scores equal to 1 were regarded as efficient ones. The results showed that out of 22 
departments, 7 departments were identified as CCR- efficient where 3 belonged to Science group and 4 were 
from Social Science group. It means they are efficient in utilizing their resources to produce all the defined 
outputs as compared to their peers. There is a large difference in the efficient scores between the efficient 
departments and inefficient departments. The average efficiency score for model 1 was 0 .718. 
In model 2 the output ‘total number of publications’ was dropped. Five departments were found efficient 
where 2 belonged to Science group and 3 to Social Science group. The efficiency scores of most departments 
remained the same or decreased slightly except for DEPT1 which dropped significantly. This shows that DEPT1 
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was sensitive to the omission of this output. The strength Of DEPT1 was producing publications. Other 
departments performed consistently with or without ‘total number of publications’. The average efficiency score 
for this model was 0.68. 
The output ‘number of research’ was dropped in model 3. As a result, 6 departments were identified as 
efficient. The average efficiency score was 0.670. The efficiency score for DEPT7 experienced a significant drop 
compared to model 1 that is from 1 to 0.404. In model 4, output ‘total number of graduates’ was dropped. The 
average efficiency score was 0.360 which is the lowest score among the four models. Only 3 departments were 
efficient and all were from group science. Many departments suffer a substantial drop as compared to model 1. 
This indicates that the strength for most of the departments is producing graduates. 
Finally, DEPT9 was the only department that obtained an efficiency score of 1 in all models of analysis. It 
belonged to Science group. DEPT 9 was consistently efficient regardless of the model chosen. This means that 
DEPT9 utilized resources in the best possible manner in all models.  On the other hand, there are 15 departments 
that did not obtained efficiency scores of 1 in any model, 9 were Science departments and 6 were Social Science 
departments. 
Overall, among all four models, model 1 obtained the highest average efficiency score (0.718) while model 4 
obtained the lowest average (0.360). The results also showed that except for model 4, the mean efficiency score 
for Social Science based departments outperformed the Science based departments. Furthermore, the sensitivity 
analysis performed suggests that different combination of input-output yield different efficiency scores except for 
DEPT 9 from group science which remains efficient in all models.  It is worth to highlight that the scores for 
DEPT 11 and DEPT 22 were very low in all models. This indicates they are quite far from the efficient frontier. 
Major changes need to be done to make them as efficient units. 
 
7. Conclusion 
This study has evaluated the relative efficiency of departments of a public university in Malaysia by using 
data envelopment analysis. There are 22 DMUs and analysis was done on data collected for the year 2011. Three 
inputs and 3 outputs are defined. We proposed four models and compared the efficiency scores for all models. 
For most departments the efficiency scores varied. This might be due to the technique DEA itself which is 
sensitive to the number of inputs and outputs. This is one drawback of the DEA technique. More efficient units 
could be identified if there were more variables considered in the analysis. All departments performed at 
satisfactory level in teaching outputs that is producing graduates as compared to research outputs that are ‘total 
amount of research grant’ and ‘total number of publications’. This suggests that almost all departments utilize 
their resources efficiently in producing graduates. These findings are useful and important for the university 
administrators and policy makers. This information can help them in making judgement and managing their 
resources. They can use this analysis to distinguish efficient departments from inefficient departments. The 
efficient departments can be regarded as the model for the other departments to benchmark. This enables them to 
know how efficient the departments are in utilizing their resources compared to their peers and subsequently 
improve the productivity by reallocating resources. 
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